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The Study of the Directional Sensitivity of Fiber Bragg Gratings for Acoustic 
Emission Measurements 
Abstract 
Structural health monitoring (SHM) of engineering structures plays a crucial role in ensuring their safety 
and integrity. Acoustic emissions (AE) can be one of the several ways to monitor the structural health. 
Fiber Bragg grating (FBG)-based AE measurement technique is emerging as a solution to assess cracks 
in structures remotely and has advantages of being less bulky and having low noise, high bandwidth and 
ease of implementation. This paper presents a study on the impact of AE signals on FBGs attached to a 
substrate, focusing on the directional sensitivity using different configurations. For ease of installation, 
the FBG sensors are metallically packaged similar to lead zirconium titanate (PZT) sensors in which they 
can withstand temperatures of up to 250 °C. The directional AE sensitivity of the packaged FBG sensor 
device is studied and compared with that of a surface attached FBG. Experimentally, the AE signals are 
generated by a metal ball drop impact on aluminum plate and are measured using an FBG AE 
interrogation system. A numerical simulation of the design was carried out using ANSYS explicit 
dynamics and the AE wave propagation in structure was analyzed and experimentally verified. 
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dynamic variations of FBG’s central wavelength 
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unpackaged and packaged FBG’s are shown in Fig. 2(a) and 
ATERIAL PROPERTIES 
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2770 71 0.33 0.28 0.28
2650 70 0.15 0.231 0.04
7750 191 0.31 0.207 0.586
7287 45 0.33 0.220 0.015
1090 1.34 0.33 0.014 0.005
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50 
mm ball’s impact on






substrate at (a) 60 μs, (b) 120 μs. 
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0o is shown in Fig. 7 and  
b






O. Yapar, P. K. Basu, P. Volgyesi, A. Ledeczi, “Structural health 
monitoring of bridges with piezoelectric AE sen sors,” En gineerin g 
–169, 2015.
, J. Epaarachchi, K T Lau. “Detectin g 
hybrid system”, in 7th Australasian Congress on Applied  Mech an ics  
H. Tsuda, “Ultrasound and damage detection in CFRP us
Bragg grating sensors,” Composites Science and Technology, vol.  6 6,  
pp. 676–683, 2006.
P. D. Wilcox, C. K. Lee, J. J. Scholey, “Quantitative Structural Health 
Monitoring using Acoustic Emission”, Smart Structures and Materials,  
–10,2006.
M. Bocca, E. I. Cosar, J. Salminen, L. Eriksson,  “A r econf igurable 
wireless sensor network for structural health monitoring,” in 4th 
Z. Prevorovsky, J. Krofta, Z. Farova, M. Chlada, “Stru ctu ral h ealth  
AE and NEWS,” in 6th NDT in  p ro gress , 
sumura, “Acoustic emission monitoring of a 
optic  s enso rs”,  
–
Y. Qiu, Q. Wang, H. Zhao, J. Chen, Y. Wang, “Review of com pos ite  
principle,” Journal of Shanghai Jiatong University (Science), vol. 2, pp. 
129–139, 2013.
Othonos, K. Kalli, “Fiber Bragg Gratings Fundamentals and 
Applications in Telecommunication and Sensing”, Artech Ho use,  p p.  
1–6 301 389, 1999.
“Investigation of the directional response of fibre Bragg grating b as ed 
acoustic emission sensor,” Imaging and Applied Optics Technical 
–4, 2012.
, B. Culshaw, W. J. Staszewski, “Acousto
ultrasonic sensing using fiber Bragg gratings,” Smart Materials 
–8, 2003.
M. Perez, H. Cui, and E. Udd, “Acoustic emission detection using fiber 
Bragg gratings,” Proc. SPIE. 4328, Smart 
–215, 2001.
Zhang, “Performance Evaluation of the Fibre Bragg Gratin g (FBG) 
detecting,” In 43rd Annual Review of Progress in Quantitative No n 
Y. J. Rao, “In fibre Bragg grating sensors,” Measurement Science an d 
–375, 1997.
Lei, “Theoretical and experimental 
analysis of interaction from acoustic emission on fibre Bragg gratin g,” 
11–12, pp.1150–1155, 2015.
i, “Ballast b r eakage 
analysis using FBG acoustic emission measurement system,” 
1–9, 2017.
S. Krishnaswamhy, P. A. Fomitchov, “Response of a fibre Bragg 
grating ultrasonic sensor,” Optica
Krishnaswamy, “Distributed acoustic emission sensor system for 
based maintenance of Advanced structures,”6th Eu ropean 
C.Y. Hong, Y. F. Zhang, M. X. Zhang, L. L. M. Go rd on,  L .  Q.  L iu,  
“Application of FBG sensors for geotechnical h ealth  m onito ring,  a  
– 197 , 
2016.
Rajan, “Fabrication and characterisation of a magnetized metal
encapsulated FBG sensor for structural health monitoring”, IEEE 
–8746, 2018. 
